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malnutrition (manifest by a reduced V) that overcomes what-Exploring the reverse J-shaped curve between urea reduction
ever benefit might be derived from an associated increase in urearatio and mortality.
clearance. Identification of patients who achieve extremelyBackground. Although accepted worldwide as valid mea-
high URR (.75%) or single-pooled Kt/V (.1.6) values usingsures of dialysis adequacy, neither the Kt/V (urea clearance
standard dialysis prescriptions should prompt a careful assess-determined by kinetic modeling) nor the urea reduction ratio
(URR) have unambiguously predicted survival in hemodialysis ment of nutritional status. Confounding by protein-calorie mal-
patients. Because the ratio Kt/V can be high with either high nutrition may limit the utility of URR or Kt/V as a population-
Kt (clearance 3 time) or low V (urea volume of distribution) based measure of dialysis dose.
and V may be a proxy for skeletal muscle mass and nutritional
health, we hypothesized that the increase in the relative risk
of death observed among individuals dialyzed in the top 10 to
Defining the dose of dialysis to optimize health and20% of URR or Kt/V values might reflect a competing risk of
malnutrition. functional status for patients with end-stage renal disease
Methods. A total of 3,009 patients who underwent bioelec- (ESRD) has been among the principle goals of the ne-
trical impedance analysis were stratified into quintiles of URR. phrology community for more than two decades. In a
Laboratory indicators of nutritional status and two bioimpe-
landmark publication in 1985, Gotch and Sargent revolu-dance-derived parameters, phase angle and estimated total
tionized the field of dialysis therapy with their reanalysisbody water, were compared across quintiles. The relationship
between dialysis dose and mortality was explored, with a focus of data from the National Cooperative Dialysis Study
on how V influenced the structure of the dose–mortality rela- (NCDS) [1, 2], redefining the dose of dialysis in terms
tionship. of the clearance (K) 3 time (t) product normalized toResults. There were statistically significant differences in all
the urea volume of distribution (V), a dimensionlessnutritional parameters across quintiles of URR or Kt/V, indi-
quantity derived from the fractional reduction in ureacating that patients in the fifth quintile (mean URR, 74.4 6
3.1%) were more severely malnourished on average than pa- nitrogen (URR) achieved over the course of a hemodial-
tients in all or some of the other quintiles. The relationship ysis treatment. These authors and others who followed
between URR and mortality was decidedly curvilinear, resem-
them were successful at identifying a minimum dose ofbling a reverse J shape that was confirmed by statistical analysis.
dialysis above which death and complications were lessAn adjustment for the influence of V on URR or Kt/V was
performed by evaluating the Kt-mortality relationship. There likely, although the optimal dose of dialysis remained
was no evidence of an increase in the relative risk of death unknown. Application of this methodology to other pa-
among patients treated with high Kt. Higher Kt was associated tient cohorts similarly showed that an increase in URRwith a better nutritional status.
or Kt/V was generally associated with reduced mortalityConclusion. We conclude that the increase in mortality ob-
and less frequent complications [3–8]. Although it fol-served among those patients whose URR or Kt/V are among
the top 10 to 20% of patients reflects a deleterious effect of lowed that further increases in dialysis dose might be
expected to lead to fewer complications and better out-
comes, Owen et al initially showed that there appearedKey words: dialysis adequacy, hemodialysis, mortality and dialysis,
urea volume. to be a plateau at or around a URR of 60 to 65% [corre-
sponding to a single-pooled Kt/V (spKt/V) of approxi-
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Accepted for publication June 7, 1999 degree of ultrafiltration] [8] beyond which no further
improvement in survival could be demonstrated [3]. 1999 by the International Society of Nephrology
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More recently, McClellan, Soucie, and Flanders showed ankle and the dorsal surface of the third metatarsal bone
[12]. A single frequency low-amplitude imperceptiblethat a URR of 70 to 74% was associated with an in-
creased risk of death compared with a URR of 65 to current (800 mA at 50 kHz) was introduced via the elec-
trodes on the hand and foot. The electrodes at the wrist69% [9]. Following adjustment for a variety of covariates,
the difference between the 70 to 74% and the 65 to and ankle detected the voltage decrease. The resistance
and reactance in ohms were obtained directly from the69% groups was not statistically significant, although the
effect estimate was essentially unchanged (OR, 1.49 vs. device. Phase angle (the arc tangent of the reactance
to resistance ratio) was calculated in radians and was1.40). There was a trend toward an increased risk of
death in the URR of 75 to 79% group. URR was also multiplied by 180/p (approximately 3.14159265) to co-
vert radians to degrees. Reactance, resistance, phasemodeled as a continuous linear variable, although higher
order URR terms (for example, URR squared) were angle, and the derived estimates of total body water were
merged with the Patient Statistical Profile, a databasenot examined.
Toward explaining the paradox of increased mortality with selected demographic, historic, and laboratory in-
formation on patients cared for at FMCNA-affiliatedassociated with greater URR, we hypothesized that there
was a curvilinear relationship between dialysis dose and dialysis facilities [13]. Laboratory values were means of
the three months proceeding BIA testing. Kt/V was cal-mortality and that the observed increase in mortality at
high URR was a consequence of reduced body size (that culated using the equation ln (1 2 URR/100) to avoid
bias introduced by regression adjustment. Ultrafiltrationis, malnutrition) among some of the high URR cohort.
Because the majority of total body water is contained volumes were not available. The clearance 3 time prod-
uct (Kt) was calculated by multiplying Kt/V by total bodywithin skeletal muscle, a high Kt/V or URR typically
requires a large clearance 3 time product (Kt), as urea water derived from BIA. Alternative total body water
estimates derived from the Watson, Watson, and Battdistribution volume is relatively fixed. However, within
the relatively fixed Kt values delivered in the United [14]; Hume and Weyers [15], and Chertow et al [16]
equations were calculated. All patients were followedStates [10], a large URR can also be achieved in patients
who have little muscle mass, a manifestation of protein- for at least one year from the time of BIA testing or the
point of censoring. The duration of follow-up rangedcalorie malnutrition. We had previously shown that in
hemodialysis patients, total body water by deuterium from 2 days to 18 months. Patients whose survival time
was unknown or uninterpretable (N 5 19, 0.6%) wereoxide dilution was below population norms, both in abso-
lute terms and as a fraction of body weight [11]. This excluded from the analysis.
large cohort of patients who underwent bioelectrical im-
Statistical analysispedance analysis (BIA) afforded us the opportunity to
explore the relationships among several indicators of Linear correlation among variables was described with
the Pearson product moment coefficient. In addition,nutritional status and URR. Furthermore, we were able
to evaluate the structure of the URR–mortality relation- continuous variables were ranked into quintiles, and the
unadjusted means within quintiles were compared usingship, with and without adjustment for total body water
and other laboratory nutritional measures. analysis of variance. Pairwise comparisons between the
quintile means were performed using the Student–
Newman–Keuls procedure [17]. Adjusted means within
METHODS
quintiles were calculated using the method of least
Study subjects squares. Polynomial transformations of the URR, the
urea volume-indexed clearance 3 time product (Kt/V),Study subjects were 3009 prevalent adult hemodialysis
patients from 101 free-standing Fresenius Medical Care and the clearance 3 time product (Kt) were performed
to examine curvilinear trends with survival.North America (FMCNA) dialysis units across the
United States. Inclusion criteria included age of $18 Covariates were selected a priori and included age,
gender, race, diabetes, and vintage (“case mix”), alongyears and three times per week in-center hemodialysis
for $3 months. Patients with an amputation above the with Quete`let’s index, phase angle by BIA, and serum
concentrations of albumin, prealbumin, creatinine, andtransmetatarsal site were excluded from participation.
BIA (BIA Quantum; RJL Systems, Inc., Clinton Town- ferritin (“nutritional variables”). Variables with signifi-
cant associations with the relative risk (RR) of deathship, MI, USA) was performed before a midweek dialysis
session during the first six months of 1995. Briefly, an on univariate screening were considered candidates for
multivariable modeling. Factors not included in multi-inner electrode was attached to the dorsal surface of the
wrist on the arm without an arteriovenous fistula or graft. variable regression models were re-entered individually
to evaluate for residual confounding (.5% change inAn outer electrode was placed on the dorsal surface of
the third metacarpal bone. A second pair of electrodes URR or URR2 or Kt parameter estimate). Multivariable
regression was performed using the proportional hazardswas positioned on the anterior surface of the ipsilateral
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Table 2. Means of nutritional and related indicators stratified byTable 1. Means of nutritional and related indicators stratified by
quintiles of urea reduction ratio (URR) quintiles of Kt
Q1 Q2 Q3 Q4 Q5Q1 Q2 Q3 Q4 Q5
Age years a 56.4 58.7 60.8 62.3 63.8g Age years b 61.7 61.1 60.5 60.6 58.1
Vintage years 3.6 3.8 3.8 3.8 4.3Vintage years a 3.1 3.7 4.0 4.1 4.3f
Albumin g/dl c 3.83 3.85 3.90 3.86 3.83e Albumin g/dl a 3.76 3.83 3.85 3.88 3.93
Prealbumin g/dl a 25.1 26.6 26.7 27.1 27.8Prealbumin g/dl b 25.4 27.0 27.4 27.1 26.3e
Creatinine mg/dl a 11.6 11.3 10.9 10.5 9.8d Creatinine mg/dl a 10.0 10.4 10.7 11.2 11.8
Body weight kg a 63.8 69.3 74.4 77.8 86.2Body weight kg a 84.3 78.8 74.0 70.8 63.8d
Quete`let’s index kg/m2 a 26.6 26.9 27.3 27.6 28.3d Quete`let’s index kg/m2 a 28.7 27.9 27.3 26.7 26.1
Phase angle degree a 4.31 4.63 4.73 5.06 5.35Phase angle degrees a 5.22 4.97 4.85 4.71 4.29d
Total body water kg a 47.0 43.4 40.6 38.4 34.7d Total body water kg a 33.5 36.7 40.5 43.7 49.8
Ferritin lg/liter c 446 401 391 363 382Ferritin lg/liter 351 352 394 403 486d
a P , 0.0001, b P 5 0.0008, c P 5 0.02 by ANOVAa P , 0.0001, b P 5 0.001, c P 5 0.003 by ANOVA
Pairwise comparisons (SNK P , 0.05):
d quintile 5 significantly different than all other quintiles
e quintile 5 significantly different than quintile 3
f quintile 5 significantly different from quintiles 1 and 2
g quintile 5 significantly different from quintiles 1, 2, and 3 black patients was lower with increasing URR (60.4,
52.2, 43.2, 42.3, and 38.1% in quintiles 1 through 5, P ,
0.0001), as was the proportion of patients with diabetes
mellitus (41.8, 40.6, 36.9, 33.4, and 31.0% in quintiles 1model, with variable entry and exit criteria set at the P 5
through 5, P , 0.0001).0.05 level [18]. Plots of log [2log (survival rate)] against
log (survival time) were performed to establish the valid- Urea reduction ratio and indicators of
ity of the proportionality assumption [19]. Multiplicative
nutritional status
interaction terms were tested to explore interaction
There were no linear correlations between serum albu-among dialysis dose and selected explanatory variables.
min (r 5 20.01, P 5 0.64) or serum prealbumin (r 5 0.04,Unadjusted and multivariable RRs and 95% confidence
P 5 0.08) and URR. Nevertheless, there were significantintervals (95% CI) were calculated based on model pa-
curvilinear associations among these variables, as shownrameter coefficients and standard errors, respectively.
in Table 1. Comparing the mean serum albumin andPatients who underwent kidney transplantation (N 5
prealbumin concentrations among the quintiles, there82, 2.7%), recovered renal function (N 5 18, 0.6%),
were reverse U-shaped relationships between both se-transferred dialysis facilities (N 5 287, 9.7%), withdrew
rum albumin and prealbumin and the URR. To confirmfrom dialysis (N 5 42, 1.3%), or were lost to follow-up
the structure of the albumin–URR relationship, we fit afor unknown reasons (N 5 8, 0.3%) were censored. Two-
linear regression equation using URR as the dependenttailed P values of less than 0.05 were considered statisti-
variable, with albumin and albumin squared as indepen-cally significant. Statistical analyses were conducted us-
dent variables. The model was statistically significant (P ,ing SAS 6.08 (SAS Institute, Cary, NC, USA).
0.0001) with a significant positive coefficient for the lin-
ear term (17.9 6 3.8, P , 0.0001) and a significant nega-
RESULTS tive coefficient for the quadratic term (22.4 6 0.5, P ,
0.0001), confirming the reverse U-shaped relationship.The mean age was 60.5 6 15.5 years. The dialysis
The relationship between URR and prealbumin was ofvintage was 3.8 6 3.7 years (median 2.6 years, range ,1
borderline statistical significance (P 5 0.06), with a simi-to 27.3 years), and 47.2% of patients were women. The
lar linear and quadratic variable pattern. Higher URRdistribution of race was black (46.9%), white (45.4%),
values were associated with lower body weights. HigherHispanic (6.5%), and other (1.2%). The mean URR was
URR values were also associated with higher Quete`let’s65.6 6 7.0%. The mean URR values within quintiles 1
(body mass) index.through 5 were 55.2, 62.3, 65.8, 69.1, and 74.4%. The
Among the bioimpedance parameters, we examinedmean Kt/V was 1.08 6 0.21. The mean corresponding
the relationship between URR and phase angle. PhaseKt/V values were 0.81, 0.96, 1.07, 1.17, and 1.37.
angle has been observed to be a valid indicator of nutri-There was a direct correlation between URR and age
tional status and predictor of mortal risk in patients with(r 5 0.16, P , 0.0001) and between URR and hemodialy-
ESRD [20, 21]. There was a significant inverse relation-sis vintage (r 5 0.11, P , 0.0001). Higher order terms
ship between phase angle and URR. Because urea distri-of age and vintage were also statistically significant, indi-
bution volume, which approximates total body watercating more complex relationships among these variables
(V), is part of the Kt/V equation, we would expect aand URR. The proportion of women was higher with
significant relationship between the two parameters (Ta-increasing URR (29.5, 38.1, 43.3, 56.3, and 68.5% in
quintiles 1 through 5, P , 0.0001). The proportion of ble 2). A striking difference in total body water estimates
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Table 3. Mean total body water estimates (in kg) stratified by
URR quintile
Q1 Q2 Q3 Q4 Q5
BIA-derived [13] 47.0 43.4 40.6 38.4 34.7
Chertow et al equation [16] 45.9 43.3 41.0 38.8 35.4
Watson equation [14] 41.9 39.3 37.2 35.4 32.4
Hume-Weyer equation [15] 42.6 40.3 38.2 36.3 33.2
BIA is bioelectrical impedance analysis.
was observed across URR quintiles. To generalize these
findings to populations in whom BIA may not be avail-
able, Table 3 provides mean total body water estimates Fig. 1. Relative risk of death by urea reduction ratio (URR) quintile.
Symbols are: ( ) unadjusted RR; ( ) RR adjusted for case-mix (age,within each URR quintile for each of three regression
gender, and race); (h) RR adjusted for case mix and nutritional vari-equations: the Watson formula [17], the Hume-Weyer
ables. The quintiles of URR correspond to the following values: Q1
formula [18], and the formula that was derived elsewhere (,60.0%), Q2 (60.0 to 64.1%), Q3 (64.1 to 67.4%), Q4 (67.4 to 71.0%),
Q5 (.71.0%).using these data [19]. Although the Watson and Hume-
Weyer formulae consistently yielded lower estimates
than the Chertow et al equation or BIA, the estimates
of total body water were uniformly lower among patients
nutritional variables (phase angle and the serum concen-with higher URR.
trations of albumin, creatinine, and ferritin) that wereIn an effort to incorporate the inflammatory compo-
independently associated with the RR of death. Vintage,nent affecting nutritional status, we explored the rela-
diabetes, and Quete`let’s index did not meet the pre-tionship between URR and ferritin, a marker of the acute-
specified criteria for model inclusion. The multivariablephase response [22]. There was a significant difference
RRs and 95% CI across URR quintiles were 1.67 (1.17in serum ferritin concentration across URR quintiles.
to 2.38), 1.34 (0.94 to 1.91), 1.00, 1.12 (0.78 to 1.61), andThese findings remained significant after adjustment for
1.12 (0.79 to 1.60). In companion multivariable modelsthe hemoglobin and serum iron concentrations (P ,
treating URR as a continuous variable, the adjusted lin-0.0001). Indeed, 12% of patients in quintile 5 had serum
ear (21.83 3 1021, P 5 0.01) and quadratic (1.22 3 1023,ferritin concentrations in excess of 1000 mg/liter com-
P 5 0.03) terms remained statistically significant. Casepared with 7% or less in the other quintiles (P , 0.0001).
mix and nutritional indicators did not influence the asso-To be certain that the trends in nutritional status across
ciation between URR and mortality (multiplicative in-URR quintiles were not confounded by demographic
teraction terms not significant, P . 0.20 for all cases).factors, we simultaneously adjusted the means for age,
To explore whether the relationship between URRgender, race, and diabetic status. For each parameter,
and mortality was dependent on the total body water,the adjusted means were significantly different across
URR was converted to a single-pool Kt/V (spKt/V) andURR quintiles, in the same pattern as noted earlier in
then the spKt/V multiplied by V estimated by BIA tothis article (reverse U shape for albumin and prealbumin
derive a clearance 3 time product (Kt, in L). The meanand linear relationships in other cases; data not shown).
Kt was 42.8 liters. The mean Kt values were 31.0, 38.0,
Urea reduction ratio, Kt/V and Kt and survival 42.5, 47.6, and 57.2 l in quintiles 1 through 5. There was
incomplete overlap of the URR or Kt/V and Kt groups.There was a significant relationship between URR and
The mean URR within Kt quintiles was 60.9, 65.0, 65.6,mortality (Fig. 1). Using the third quintile of URR as
66.9, and 68.5%, and the mean corresponding Kt/V wasthe referent category, the unadjusted RRs and 95% CI
0.96, 1.06, 1.08, 1.12, and 1.18.across URR quintiles were 1.27 (0.92 to 1.75), 1.10 (0.79
There was a significant relationship between Kt andto 1.53), 1.00, 1.04 (0.74 to 1.44), and 1.19 (0.86 to 1.64).
mortality, with a RR of 0.98 (0.97 to 0.99) per liter KtTo test the structure of the URR–mortality relationship,
increase (P 5 0.0004). In other words, the linear effectwe fit a companion model using URR and URR2 as
estimate was a 2% decrease in risk per liter clearancecontinuous variables. A negative coefficient for the linear
increase. There was no evidence of a reverse J-shapedterm (21.98 3 1021, P , 0.0001) and a positive coefficient
relationship between Kt and mortality (Fig. 2). Usingfor the quadratic term (1.47 3 1023, P 5 0.0002) con-
the third quintile of Kt as the referent category, the RRfirmed the reverse J shape of the URR–mortality curve.
of death declined with increasing Kt: 1.34 (0.99 to 1.81),The adjusted RR estimates for the URR quintiles were
1.06 (0.76 to 1.45), 1.00, 1.00 (0.72 to 1.38), and 0.83 (0.59similar whether adjustment was limited to demographic
factors (age, gender, race) or demographic and other to 1.16). Adjustment for age, gender, and race yielded
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Although V influences the rate at which the urea nitro-
gen concentration changes during hemodialysis and in
the interdialytic period, V has been shown to correlate
directly with several laboratory indicators of nutritional
status, including serum creatinine, albumin, and prealbu-
min [24, 25]. The inclusion of V in the reporting of hemo-
dialysis as a method of indexing dialysis adequacy across
patients of different size introduces a nutritional variable
into the clearance equation, making relationships be-
tween clearance and most outcomes of interest more
difficult to interpret.
Herein, we describe the results of a cohort study,
unique in its inclusion of estimates of body composition,Fig. 2. Relative risk of death by the clearance 3 time (Kt) quintile.
Symbols are: ( ) unadjusted RR; ( ) RR adjusted for case-mix (age, including total body water. URR was inversely corre-
gender, and race); (h) RR adjusted for case mix and nutritional vari- lated with total body water, whether estimated by BIA
ables. The quintiles of Kt correspond to the following values: Q1 (,35.5
or one of three published regression equations. URRliters), Q2 (35.5 to 40.0 liter), Q3 (40.0 to 44.8 liters), Q4 (44.8 to 50.7
liters), Q5 (.50.7 liters). was directly correlated with age and dialysis vintage,
most likely via the age/vintage–total body water associa-
tion. That is, with normal aging, there is a decrease in
muscle mass and total body water [26]; this decline may
slightly modified RR estimates: 1.47 (1.07 to 2.02), 1.14 accelerate among persons with chronic disease, including
(0.82 to 1.58), 1.00, 0.98 (0.71 to 1.36), and 0.85 (0.60 to ESRD [16]. The relationships among albumin, prealbu-
1.21). Further adjustment for phase angle and laboratory min, and URR were complex; albeit small in magnitude,
variables extinguished the trend toward a reduced RR we believe that they reflect the intricate interplay be-
of death in fifth Kt quintile: 1.39 (0.99 to 1.95), 1.19 (0.84 tween uremia and malnutrition. The direct relationship
to 1.68), 1.00, 1.02 (0.72 to 1.45), and 0.98 (0.68 to 1.41). between URR and Quete`let’s index was not unexpected.
There were no significant interactions between Kt and Quete`let’s index as a nutritional parameter has numer-
case mix or nutritional variables (multiplicative interac- ous limitations and, at best, reflects obesity rather than
tion terms not significant, P . 0.20 for all cases). body cell mass (hence, the misnomer “body mass index”).
Table 2 shows the means of nutritional variables by The relationship between URR and mortality was
Kt quintiles. In contrast to the URR quintile data, pa- carefully examined in two ways: first, ranking patients
tients who received a larger Kt (that is, more liters of by URR into quintiles and comparing the RR of death
clearance) tended to have better nutritional status by within each quintile, and second, examining URR and
the parameters measured. The direct relationship be- polynomial transformations of URR as continuous vari-
tween Kt and serum creatinine is most noteworthy be- ables in companion models. Although the RR of death
cause more clearance would have been expected to lower in quintile 1 was significantly different than in quintile
the steady-state serum creatinine concentration. 3 and other differences were not individually statistically
significant, the more powerful models employing contin-
uous variables confirmed the reverse J-shape trend. Pa-
DISCUSSION
tients in the fifth quintile had the greatest URR (mean
A detailed analysis of the NCDS study and several URR 74.4%, 10%, 90% range 71.5%, 78.3%), but expe-
observational studies that followed it in time have estab- rienced a mortality hazard that was 19% greater than
lished a relationship between URR or Kt/V and out- patients in the third quintile (mean URR 65.8%, 10%,
comes in hemodialysis patients. In spite of considerable 90% range 64.5%, 67.1%). Both quantities of hemodialy-
progress, we have failed to identify the optimal dose of sis exceed the minimum recommended by evidence-
dialysis [8]. Because of aggressive, national continuous based clinical practice guidelines [8].
quality improvement efforts, a steady increase in the There are several potential mechanisms for these find-
average prescribed and delivered dialysis dose has been ings. First, some patients who were small in stature may
observed, such that the majority of patients now achieve receive amounts of solute clearance that exceed their
URR $ 65%, and Kt/V $ 1.2 [23]. This success has metabolic needs. Transient plasma depletion of electro-
been achieved by the use of larger surface area dialyzers, lytes, such as potassium and magnesium, or excessive re-
higher blood and dialysate flows, and increased dialysis pletion of solutes such as bicarbonate and calcium could
time. Because Kt is actionable, this has been the principle provoke fatal arrhythmia. This contention (“overdialysis”)
focus of the intellectual analysis of urea kinetics and cannot be confirmed nor refuted. Nevertheless, it may
be difficult to differentiate electrolyte depletion fromhemodialysis outcomes.
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protein-calorie malnutrition because they often coexist in account for the consistent inverse relationships between
URR and nutritional indicators.patients with overt muscle wasting. Although the predial-
There are several important limitations to our analysis.ysis bicarbonate concentration was significantly greater in
Although uniform instructions for postdialysis urea col-patients with higher URR (mean 19.9, 20.2, 20.3, 20.5,
lection were provided to all participating units, thereand 20.8, in quintiles 1 through 5, respectively, P ,
were no processes in place to guarantee that these guide-0.0001), it is unlikely that this modest difference was
lines were followed [27]. The estimates of Kt/V wereassociated with a substantial variation in the degree of
based on single-pool assumptions of urea kinetics that dopostdialysis alkalemia. There was no difference in predi-
not account for intradialytic urea generation, convectivealysis potassium concentration across URR quintiles (P 5
urea clearance, and postdialysis urea rebound [8]. Fur-0.13). No postdialysis blood tests were drawn except for
thermore, there were no measurements of residual renalthe blood urea nitrogen (BUN).
function, which could contribute to total clearance inSecond, depending on the timing of the postdialysis
some patients. Although these approximations couldBUN sample, the URR may variably reflect the equili-
easily affect the precision of the RR estimates, we dobrated urea clearance [27]. The magnitude of urea re-
not believe that they would change the qualitative con-bound is directly related to K and inversely related to V.
clusions of the analysis.Indeed, patients with the shortest treatment times and
In summary, using a cohort of patients in whom agreatest URR tend to experience the largest degree of
direct estimate of total body water was obtained usingurea rebound [8, 28]. Although the average amount of
BIA, we showed significant differences in the concentra-urea rebound is approximately 0.2 Kt/V, this quantity
tions of biochemical and bioelectrical correlates of nutri-may be as great as 0.6 Kt/V for some patients. Therefore,
tional status across the spectrum of URR values, althoughsome fraction of the patients in quintile 5 with a high
in some cases, these relationships were curvilinear. WeURR might have experienced sufficient urea rebound
showed a reverse J-shaped curve between dialysis dosesuch that the overall equilibrated Kt/V was inadequate.
and survival that was straightened when the dose wasWe are unable to either validate or dispute this claim.
no longer indexed to V. These findings suggest that theThere is strong evidence that patients in the fifth
increase in mortality observed among individuals withquintile of URR suffered from more severe protein-
very high levels of URR or Kt/V reflects competing riskscalorie malnutrition than patients in the first four
of protein–calorie malnutrition, rather than excessivequintiles, the third (and our favored) hypothesis. (Since
dialysis. Identification of patients who achieve extremelythe incidence of protein calorie malnutrition in patients
high URR (.75%) or single-pooled Kt/V (.1.6) valueswith ESRD may exceed 50%, it would be unfair and
using standard dialysis prescriptions should prompt a
likely inaccurate to surmise that patients in quintiles 1
careful assessment of nutritional status. Confounding by
through 4 were well nourished.) In addition to the data protein–calorie malnutrition may limit the utility of URR
presented in Table 1, the adjusted mean values of nutri- or Kt/V as a population-based measure of dialysis dose.
tional indicators (adjusted for age, gender, race, and Therefore, other models of urea kinetics should be con-
diabetic status) were significantly different across URR sidered, such as the clearance 3 time product (Kt). Kt
quintiles, confirming that the differences in albumin, pre- should be prospectively evaluated as an alternative index
albumin, body weight, phase angle, and so forth, were of dialysis adequacy.
not explained by differences in the demographics of the
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